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TO THE EDITOR
Adipose tissue is no longer considered
just an inert energy storage organ, but is
also known to be involved in the
regulation of physiological and patho-
logical processes. White adipose tissue
(WAT) produces and releases a variety
of factors, including adiponectin (APN).
APN is an adipocyte hormone, which is
specifically and abundantly expressed
in WAT (Lafontan and Viguerie, 2006).
Involved in glucose and lipid metabo-
lism, APN is a key molecule regulating
insulin sensitivity (Guerre-Millo, 2008).
Moreover, it has antidiabetic effects,
and the level of APN in plasma is
affected by several factors, including
gender, age, obesity, and insulin resis-
tance (Kadowaki et al., 2006). Leptin,
another adipocyte hormone, was pro-
posed as a novel regulator of the hair
growth cycle (Iguchi et al., 2001;
Sumikawa et al., 2008); however, little
is known regarding the functions of
APN in skin physiology, including hair
growth. The purpose of this study was
to evaluate the effect of APN on hair
follicles (HFs). Human anagen HFs
from occipital scalp were isolated and
were then treated with APN. This study
was approved by the Seoul National
University Hospital Institutional Review
Board Committee.
We first defined APN receptor expres-
sion in human HFs. There are three types
of APN receptors. We confirmed the
expression of APN receptor 1, APN
receptor 2, and T cadherin in dermal
papilla (DP) of human HFs via immuno-
fluorescence. Three receptors were also
observed in the outer root sheath, dermal
sheath, and the epidermis of scalp skin, as
well as in sebaceous glands (Figure 1and
Supplementary Figure S1 online).
We then intended to explore the
functional role of APN on cultured HFs.
Human HFs were cultured as pre-
viously described (Philpott et al.,
1994). For HF organ culture, APN was
added to conventional Williams’ E
medium at concentrations of 0.01, 1,
2.5, and 5mg ml1 (Supplementary Mate-
rials and Methods online). As a positive
control, 10 nMml1 of minoxidil (MNX)
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Figure 1. Expression of adiponectin (APN) receptors in human HFs. (a) Expression of AdipoR1 (APN receptor 1),
(b) AdipoR2 (APN receptor 2), and (c) T-cadherin in human HFs. ORS, outer root sheath. Scale bar¼ 100mm.
Abbreviations: DP, dermal papilla; DPC, DP cell; HF, hair follicle; IGF-1, insulin-like growth factor-1;
MNX, minoxidil; VEGF, vascular endothelial growth factor; WAT, white adipose tissue
was added. A total of 350 anagen-stage
HFs (from 7 different volunteers and
with 30–55 HFs per individual) were
evaluated for 6 days. Statistical analyses
were performed using the Student’s t-
test. A P-value o0.05 was considered
statistically significant. APN significantly
promoted hair growth in organ cultures
in a dose-dependent manner (Figure 2a).
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Figure 2. APN promotes hair shaft elongation in cultured human hair follicles. (a) Adiponectin (APN) enhanced the elongation of hair shaft in ex vivo
organ culture. Data are based on HFs from 7 donors and 30–55 HFs per individual. (b) APN enhanced proliferations of matrix keratinocytes substantially.
HFs with 5 mg ml1 APN were incubated with Ki-67 antibody (1:100; Becton Dickinson, Franklin Lakes, NJ). Scale bar¼100 mm. (c) Quantitative
immunhistomorphometry analysis of Ki-67-positive/DAPI (4’,6-diamidino-2-phenylindole)-positive cells in HFs. The quantitative analysis was performed
using Image J 1.44p (NIH, Bethesda, MD). Data are mean±SE from 30 HFs for each condition. (d–g) Adiponectin stimulated the secretion of growth factors
from DPCs. DPCs were treated by 1, 10, or 100 ng ml1 of adiponectin. mRNA expression of IGF-1, VEGF, HGF, and TGF-b1 was compared with nontreated
control. (d–f) Expression of IGF-1, VEGF, and HGF mRNAs in DPCs detected by semi-quantitative reverse-transcriptase (RT)–PCR. (g) Expression of TGF-b1
mRNA of DPCs detected by semi-quantitative RT–PCR. CON, control; HGF, hepatocyte growth factor; MNX, minoxidil; TGF-b1, transforming growth factor-b1.
Mean±SD, *Po0.05.
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A remarkable increase in immunoactiv-
ity to Ki-67 was also observed 2 days
after treatment with 5mg ml1 of APN in
the follicular matrix keratinocytes (Figure
2b and c). The results of quantitative
immunohistomorphometry analysis of
Ki-67-positive/DAPI (4’,6-diamidino-2-
phenylindole)-positive cells were 39±6.6
(control), 53±4.9 (MNX), and 65±
8.8% (APN, P¼0.046). Ki-67-positive
proliferative cells in the hair bulb were
counted, and data are mean±SE from
30 HFs for each condition in Figure 2c.
To further determine the mechan-
isms by which APN stimulates hair
growth, human follicular DP cells
(DPCs) were cultured, as previously
described (Kang et al., 2010). The
second or third passage of DPCs was
used. We measured the mRNA expres-
sion levels of the growth factors from
cultured DPCs in the presence of APN.
Interestingly, the expression of insulin-
like growth factor (IGF)-1, hepatocyte
growth factor, and vascular endothelial
growth factor (VEGF) mRNAs markedly
increased in APN-treated DPCs com-
pared with that seen in the control
(Figure 2d–f). APN reduced transform-
ing growth factor-b1 secretion from
cultured DPCs (Figure 2g). DPCs were
treated with the respective small inter-
fering RNAs to IGF-1 and VEGF, and
were assayed for cell proliferation.
Genetic knockdown of either mRNA
reduced proliferation by 75% (Po0.05)
compared with a vehicle-treated con-
trol (Supplementary Figure S2 online).
The epithelial portion of an HF needs
DP to maintain its growth, and their
interaction seems to be important in the
morphogenesis of hair (Yang and Cot-
sarelis, 2010). These findings led us to
conclude that human HF would be a
direct target organ for APN, which
promotes hair growth in vitro.
Festa et al.’s (2011) recent study
found that adipocyte lineage cells are
necessary and sufficient to drive folli-
cular stem cell activation and can alter
epithelial stem cell function. On the
other hand, another finding suggests the
opposite effect of cutaneous adipose
tissue on telogen maintenance via Bmp
and Wnt antagonists (Plikus et al.,
2009, 2011). Therefore, it may be
possible that adipocyte lineage cells
can modulate the hair cycle. Both
studies showed the influence of cuta-
neous adipose tissue on anagen transi-
tion in either a positive or negative way.
In addition to these locoregional effects
of WAT regarding the aspects of telogen
to anagen transition, WAT might also
influence hair growth in the anagen
phase through secretion of a systemic
hormone, such as APN, as most of the
APN is likely to be produced by
noncutaneous WAT.
In summary, we have demonstrated
that normal human scalp HFs express
APN receptor in situ. As HFs actively
respond to APN via receptors in DPCs
from ex vivo organ culture and also
in vitro, we propose that APN is a hair
growth stimulator that promotes hair
matrix keratinocyte proliferation. These
results suggest that APN receptor sti-
mulation could be a potential clinical
strategy for the promotion of hair
growth. In addition, it might be possible
that any pathological alteration in the
level of APN or APN receptors abro-
gates normal hair growth. Further stu-
dies will be necessary to define the
exact role of APN in hair growth in vivo
and identify any potential clinical im-
plications.
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